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CROSS REFERENCE TO RELATED AP PLICATION 

This application claims priority to and the benefit of Korean Patent Application No. 
2002-62095 filed on October 11, 2002 and Korean Patent Application No. 2002-70383 filed on 
November 13, 2002, the content of both applications is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The invention relates to an apparatus and method for driving a plasma display panel 
(PDP), and more particularly, a driver circuit which includes a power recovery circuit. 

(b) Description of the Related Art 

The PDP is a flat panel display that uses plasma generated by gas discharge to display 
characters or images and includes, according to its size, more than several scores to miUions of 
pixels arranged in a matrix pattern. PDPs may be classified as a direct current (DC) type or an 
altematmg current (AC) type based on the structure of its discharge cells and the waveform of 
the driving voltage appHed thereto. 

DC PDPs have electrodes exposed to a discharge space to allow a DC to flow through the 
discharge space while the voltage is applied, and thus require a resistance for limiting the 
current. AC PDPs have electrodes covered with a dielectric layer that forms a capacitance 
component to limit the current and protects the electrodes firom the impact of ions during a 
discharge. Thus, AC PDPs generally have longer Ufetimes than DC PDPs. 
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One side of the AC PDP has scan and sustain electrodes formed in parallel, and the other 
side of the AC PDP has address electrodes perpendicular to the scan and sustain electrodes. The 
sustain electrodes are formed in correspondence to the scan electrodes and have the one terminal 
coupled to the one terminal of each scan electrode. 

5 The method for driving the AC PDP generally includes a reset period, an addressing 

period, a sustain period, and an erase period in temporal sequence. 

The reset period is for initiating the status of each cell so as to facilitate the addressing 
operation. The addressing period is for selecting tum-on/off cells and applying an address 
voltage to the turn-on cells (i.e., addressed cells) to accumulate wall charges. The sustain period 

10 is for applying sustain pulses and causing a sustain-discharge for displaying an image on the 
addressed cells. The erase period is for reducing the wall charges of the cells to terminate the 
sustain-discharge. 

The discharge spaces between the scan and sustain electrodes and between the side of the 
PDP with the address electrodes and the side of the PDP with the scan and sustain electrodes act 

15 as a capacitance load (hereinafter, referred to as "panel capacitor"). Accordingly, capacitance 
exists on the panel. Due to the capacitance of the panel capacitor, there is a need for a reactive 
power to apply a waveform for the sustain-discharge. Thus, the PDP driver circuit includes a 
power recovery circuit for recovering the reactive power and reusing it. One power recovery 
circuit is disclosed in US Patent Nos. 4,866,349 and 5,081,400, issued to Weber, et al (herinafter 

20 "Weber"). 

The circuit disclosed in Weber repeatedly transfers the energy of the panel to a power 
recovery capacitor or the energy stored in the power recovery capacitor to the panel using a 
resonance between the panel capacitor and the inductor. Thus, the circuit's effective power is 
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recovered. In this circuit, however, the rising time and the falling time of the panel voltage are 
dependent upon the time constant LC determined by the inductance L of the inductor and the 
capacitance C of the panel capacitor. The rising time of the panel voltage is equal to the falling 
time because the time constant LC is constant. For a faster rising time of the panel voltage, the 
switch coupled to the power source has to be hard-switched during the rise of the panel voltage, 
in which case the stress of the switch increases. The hard-switching operation also causes a 
power loss and increases the effect of electromagnetic interference (EMI). 

SUMMARY OF THE INVENTION 

This invention provides a PDP driver circuit that controls the rising and falling times of 
the panel voltage. 

This invention separately provides a PDP driver circuit that controls X electrodes and Y 
electrodes in an independent manner. 

The invention separately provides a driving apparatus and method for driving a PDP 
having a first electrode and a second electrode between which a panel capacitor is formed. 

In one aspect of the present invention, a method for driving a plasma display panel, 
which has a first electrode and a second electrode with a panel capacitor formed therebetween. 
The method comprises injecting a current of a first direction to an inductor coupled to the first 
electrode to store a first energy, while voltages of the first electrode and the second electrode are 
both sustained at a first voltage. The method fiulher includes changing the voltage of the first 
electrode to a second voltage by using a resonance between the inductor and the panel capacitor 
and the first energy, while the voltage of the second electrode is sustained at the first voltage, and 
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recovering energy remaining in the inductor, while the voltages of the first electrode and second 
electrode are sustained at the second voltage and the first voltage, respectively. 

In another aspect of the present invention, a method for driving a plasma display panel, 
which has a first electrode and a second electrode with a panel capacitor formed therebetween, 
the method comprising changing a voltage of the first electrode to a second voltage by using a 
resonance between a first inductor and the panel capacitor, while a voltage of the second 
electrode is sustained at a first voltage, wherein the first inductor is coupled to the first electrode 
and sustaining the voltages of the first electrode and the second electrode at the second voltage 
and the first voltage, respectively. The method fiulher includes changing the voltage of the first 
electrode to the first voltage by using a resonance between a second inductor and the panel 
capacitor, while the voltage of the second electrode is sustained at the first voltage, the second 
inductor being coupled to the first electrode, and sustaining the voltages of the first electrode and 
the second electrode at the first voltage. 

In still yet another aspect of the present invention, an apparatus for driving a plasma 
display panel, which has a fu^t electrode and a second electrode with a panel capacitor formed 
therebetween, the apparatus comprising an inductor coupled to the first electrode, a first path 
developing a third voltage, via an inductor, and a furst power source for supplying a first voltage 
to inject a current of a first direction to the inductor, while voltages of the first electrode and the 
second electrode are both sustained at the first voltage, the third voltage being between the furst 
voltage and a second voltage. The apparatus fiirther includes a second path for causing an LC 
resonance with the third voltage, the inductor, and the panel capacitor to change the voltage of 
the first electrode fi-om the first voltage to the second voltage, while the voltage of the second 
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electrode is sustained at the first voltage and the current of the first direction flows to the 
inductor and a third path developing the third voltage via a second power source for supplying a 
second voltage, and the inductor to inject a current of a second direction to the inductor, while 
the voltages of the first electrode and the second electrodes are sustamed at the second voltage 
5 and the first voltage, respectively, the second direction being opposite to the first direction. 
Further, the apparatus includes a fourth path for causing an LC resonance with the panel 
capacitor, the inductor, and the third voltage to change the voltage of the first electrode from the 
second voltage to the first voltage, while the voltage of the second electrode is sustained at the 
first voltage and the current of the second direction flows to the inductor. 

10 

In still another aspect of the invention provides an apparatus for driving a plasma display 
panel, which has a first electrode and a second electrode with a panel capacitor formed 
therebetween, the apparatiis comprising a first inductor and a second inductor coupled to the first 
electiode and a first resonance patii for causing a resonance between the first inductor and the 

15 panel capacitor to change a voltage of the first electirode to a second voltage, while a voltage of 
the second electirode is sustained at a first voltage. The invention fiulher provides a second 
resonance patii for causing a resonance between tiie second inductor and the panel capacitor to 
change tiie voUage of the first electrode to tiie first voltage, while a voltage of tiie second 
electrode is sustained to the first voltage, where the first mductor has a lower inductance tiian the 

20 second inductor. 

In still another aspect of tiie invention, the invention provides a method for driving a 
plasma display panel, which has a first electi-ode and a second electi-ode witii a panel capacitor 
formed therebetween, tiie method comprising storing a first energy in an inductor coupled 

5 
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between a capacitor charged with a predetermined voltage and the panel capacitor, charging the 
panel capacitor through the inductor charged with the first energy and storing a second energy in 
the inductor. The method fiirther involves discharging the panel capacitor through the inductor 
charged with the second energy, where the predetermined voltage is controlled by amounts of the 
first energy and the second energy. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate an embodiment of the invention, and, together with the description, serve 
to explain ttie principles of the invention. 

FIG. 1 is a schematic block diagram of a PDP according to an embodiment of the present 

invention. 

FIG. 2 is a schematic circuit diagram of a sustain circuit according to a fu:st embodiment 

of the present invention. 

FIG. 3 is a driving timing diagram of the sustain circuit according to the first embodiment 

of the present invention. 

FIGS. 4A to 4H are circuit diagrams showing the current path of each mode in the sustain 
circuit according to the first embodiment of the present invention. 

FIG. 5 is a diagram showing tiie state of wall charges in a discharge cell. 

FIG. 6 is a driving timing diagram of tiie sustain circuit according to tiie second 
embodiment of the present invention. 
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FIG. 7 is a schematic circuit diagram of a sustain circuit according to third embodiment 
of the present invention. 

FIG. 8 is a driving timing diagram of the sustain circuit according to the third 
embodiment of the present invention. 
5 FIGs. 9A to 9H are circuit diagrams showing the current path of each mode in the sustain 

circuit according to the third embodiment of the present invention. 

FIGs. 10, 11 and 12 are diagrams of a discharge current and a charge current of the 
capacitor in the sustain circuit according to the third embodiment of the present invention. 

FIG. 13 is a schematic circuit diagram of a sustain circuit according to the fourth 
10 embodiment of the present invention. 

FIGs. 14 is a driving timing diagram of the sustain circuit according to the fourth 
embodiment of the present invention. 

FIG. 15 is a schematic circuit diagram of a sustain circuit according to the fifth 
embodiment of the present invention. 
15 FIG. 16 is a driving timing diagram of the sustain circuit according to the fifth 

embodiment of the present invention. 

DFTATT.ED DES rRTPTTON OF THF PREFERBFD EMBODTMENTS 

In the following detailed description, exemplary embodiments of the invention have been 
20 shown and described, simply by way of illustration of the best mode contemplated by the 
inventor(s) of carrying out the invention. As will be realized, the invention is capable of 
modification in various obvious respects, all without departing firom the invention. Accordingly, 
the drawings and description are to be regarded as illustrative in nature, and not restrictive. 
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Hereinafter, an apparatus and method for driving a PDP according to an embodiment of 
the present invention will be described in detail with reference to the accompanying drawings. 

FIG. 1 is a schematic block diagram of a PDP according to an embodiment of the present 
invention. As shown in FIG. 1, the PDP comprises, for example, a plasma panel 100, an address 
5 driver 200, a scan/sustain driver 300, and a controller 400. 

The plasma panel 100 comprises a plurality of address electrodes Ai to Am arranged in 
colunms, and a plurality of scan electrodes (hereinafter, referred to as "Y electrodes") Yi to Yn 
and sustain electrodes (hereinafter, referred to as "X electrodes") Xi to Xn altemately arranged in 
rows. The X electrodes Xi to Xn are formed in correspondence to the Y electrodes Yi to Yn, 
10 respectively. The one terminal of each X electrode is coupled to that of each Y electrode. The 
controller 400 receives an external image signal, generates an address drive control signal and a 
sustain control signal, and applies the generated control signals to the address driver 200 and the 
scan/sustain driver 300, respectively. 

The address driver 200 receives the address drive control signal from the controller 400, 
15 and applies to each address electrode a display data signal for selecting of a discharge cell to be 
displayed. The scan/sustain driver 300 receives the sustain control signal from the controller 400, 
and applies sustain pulses altemately to the Y and X electrodes. The apphed sustain pulses cause 
a sustain-discharge on the selected discharge cells. 

Next, the sustain circuit of the scan/sustain driver 300 according to a first embodiment of 
20 the present invention will be described in detail with reference to FIGs. 2, 3 and 4. 

FIG. 2 is a schematic circuit diagram of a sustain circuit according to the first 
embodiment of the present invention. The sustain circuit according to the first embodiment of 
the present invention comprises, as shown in FIG. 2, a Y electrode driver 3 10, an X electrode 

8 
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driver 320, a Y electrode power recovery section 330, and an X electrode power recovery section 
340. 

The Y electrode driver 3 10 is coupled to X electrode driver 320, and a panel capacitor Cp 
is coupled between the Y electrode driver 310 and the X electrode driver 320. The Y electrode 

5 driver 310 includes switches Ys and Yg, and the X electrode driver 320 includes switches Xs and 
Xg. The Y electrode power recovery section 330 includes an inductor Li and switches Yr and Yf, 
and the X electrode power recovery section 340 includes an inductor L2 and switches Xr and Xf. 
These switches Ys, Yg, Xs, Xg, Yr, Yf, Xr and Xf are illustrated as MOSFETs having a body 
diode, however, they may be any other switches that satisfy the following functions. 

10 The switches Ys and Yg are coupled in series between a power source Vs/2 supplying a 

voltage of Vs/2 and a power source -Vs/2 supplying a voltage of -Vs/2, and their contact is 
coupled to the Y electrode of the panel capacitor Cp. Likewise, the switches Xs and Xg are 
coupled in series between a power source Vs/2 and a power source -Vs/2, and their contact is 
coupled to the X electrode of the panel capacitor Cp. 

15 One terminal of the inductor Li is coupled to the Y electrode of the panel capacitor Cp, 

and the switches Yr and Yf are coupled in parallel between the other terminal of the inductor Li 
and a ground terminal 0. Likewise, one terminal of the inductor L2 is coupled to the X electrode 
of the panel capacitor Cp, and the switches Xr and Xf are coupled in parallel between the other 
terminal of the inductor L2 and a ground terminal 0. The Y electrode power recovery section 330 

20 may further include diodes Dyi and Dy2 for preventing a current path possibly formed by the 
body diodes of the switches Yr and Yf. Likewise, the X electrode power recovery section 340 
may further include diodes Dxi and Dx2 for preventing a current path possibly formed by the 
body diodes of the switches Xr and Xf. The Y and X electrode power recovery sections 330 and 

9 
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340 may further include diodes for clamping to prevent the voltage at the other terminals of the 
inductors Li and L2 from being greater than Vs/2 or less than -Vs/2, respectively. 

Next, the sequential operation of the sustain circuit according to the first embodiment of 
the present invention will be described with reference to FIGs. 3 and 4a to 4h. FIG. 3 is a driving 

5 timing diagram of the sustain circuit according to the first embodiment of the present invention. 
FIGS. 4a to 4h are circuit diagrams showing the current path of each mode in the sustain circuit 
according to the first embodiment of the present invention. Here, the operation proceeds over 
the course of 16 modes Ml to M16, which are changed by the manipulation of switches. The 
phenomenon called "LC resonance" discussed herein is not a continuous oscillation but a 

10 variation of voltage and current caused by the inductor Li or L2 and the panel capacitor Cp, when 
the switch Yr, Yf, Xr or Xf is turned on. 

Prior to the operation of the circuit according to the first embodiment of the present 
invention, the switches Yg and Xg are in the "ON" state, so the Y electrode vohage Vy and the X 
electrode voltage Vx of the panel capacitor Cp are both sustained at -Vs/2. Further, the 

15 capacitance of the panel capacitor Cp is C, and the inductances of the inductors Li and L2 are Li 
and L2, respectively. 

During mode 1 Ml, as illustrated in FIGs. 3 and 4A, the switch Yr is turned ON, with the 
switches Yg and Xg in the "ON" state. Then, a current lu flowing to the inductor Li is increased 
with a slope of Vs/2Li via a current path that includes the ground terminal 0, the switch Yr, the 
20 inductor Li and the switch Yg in sequence. During mode 1 Ml, the current is injected to the 
inductor Li while the Y electrode voltage Vy and the X electrode voltage Vx of the panel 
capacitor Cp are both sustained at -Vs/2. That is, the energy is stored (charged) in the inductor 
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Li. If mode 1 Ml lasts for a time period Ati, the current Ipi flowing to the inductor Li is given by 
the following equation at the time when the mode 1 Ml ends. 
[Equation 1] 

2L, ' 

5 During mode 2 M2, as illustrated in FIGs, 3 and 4B, the switch Yg is turned OFF to form 

a current path that mcludes the ground terminal 0, the switch Y^, the inductor Li, the panel 
capacitor Cp, the switch Xg, and the power source -Vs/2 in sequence, thereby causing an LC 
resonance. Due to the LC resonance, the Y electrode voltage Vy of the panel capacitor Cp is 
increased, particularly to YJ2 by the body diode of the switch Yj. The LC resonance occurs 
10 while a predetermined amount of current flows to the inductor Li, so the time AT, required to 
raise the Y electrode voltage Vy of the panel capacitor Cp to Vs/2 is dependent upon the current 
ipi flowing to flie inductor Li during the resonance. Namely, as expressed by the equation 2, the 
rising time ATr of the Y electrode voltage Vy is determined by the time period Ati of injecting the 
current Ipi, i.e., the current of the mode 1 Ml. 
[Equation 2] 



15 



cos 



K/2 



-tan 



V./2 



During mode 3 M3, the switch Ys is turned ON when the Y electrode voltage Vy is 
increased to Vs/2, so the Y electrode voltage Vy is sustained at Vs/2. As illustrated in FIG. 4C, 
the current In flowing to the inductor Li is decreased to OA with a slope of-Vs/2Li on the 
20 current path that includes the switch Yr, the inductor Li, and the body diode of the switch Ys in 



11 
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sequence. Namely, the current Ili flowing to the inductor Li is recovered to the power source 
Vs/2. 

Referring to FIGs. 3 and 4D, during mode 4 M4, the switch Yr is turned OFF after the 
current Lli flowing to the inductor Li becomes OA. With the switches Ys and Xg in the "ON" 

5 state, the Y electrode voltage Vy and the X electrode vohage Vx of the panel capacitor Cp are 
sustained at Vs/2 and -Vs/2, respectively. The voltage difference (Vy - Vx) between the Y and X 
electrodes is equal to the vohage Vs necessary for a sustain-discharge (referred to as a sustain- 
discharge voltage hereinafter), causing a sustain-discharge. 

During mode 5 M5, as illustrated in FIGs. 3 and 4E, the switch Yf is turned ON with the 

10 switches Ys and Xg in the "ON" state. Then, a current path is formed that includes the power 
source Vs/2, the switch Ys, the inductor Li, the switch Yf, and the ground terminal 0 in sequence, 
so the current flowing to the inductor Li is decreased with a slope of-Vs/2Li. During mode 5 
M5, a current in the reverse direction of the currrait of the mode 1 Ml is injected to the inductor 
Li while the Y electrode voltage Vy and the X electrode voltage Vx of the panel capacitor Cp are 

15 sustained at WJ2 and -Vs/2, respectively. That is, the energy is charged in the inductor Li. 

During mode 6 M6, as illustrated in FIGs. 3 and 4F, the switch Ys is turned OFF to form a 
current path that includes the body diode of the switch Xg, the panel capacitor Cp, the inductor 
Li, the switch Yf, and the ground terminal 0 in sequence, thereby causing an LC resonance. Due 
to the LC resonance, the Y electrode voltage Vy of the panel capacitor Cp is decreased, 

20 particularly to -YJ2 by the body diode of the switch Yg. The LC resonance occurs while a 

predetermined amount of current is flowing to the inductor Li, as in the mode 2 M2. So, the time 
ATf required to decrease the Y electrode voltage Vy of the panel capacitor Cp to -VJ2 is 
dependent upon the current flowing to the inductor Lj during the resonance. Namely, as 

12 
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previously described in regard to the mode 1 Ml, the current flowing to the inductor Li during 
the resonance is determined by the time period Ats when current is being injecting to the 
inductor Li during mode 5 M5. 

During mode 7 M7, the switch Yg is turned ON when the Y electrode voltage Vy is 
5 decreased to -VJl, so the Y electrode voltage Vy is sustained at -VJl. As illustrated in FIG. 4G, 
the current Ili flowing to the inductor Li is increased to OA with a slope of Vs/2Li on the current 
path that includes the body diode of the switch Yg, the inductor Li, and the switch Yf in 
sequence. 

Referring to FIGs. 3 and 4H, during mode 8 M8, the switch Yf is turned OFF afl:er the 
10 current Lli flowing to the inductor Li becomes OA. With the switches Yg and Xg in the "ON" 
state, the Y electrode voltage Vy and X electrode voltage Vx of the panel capacitor Cp are both 
sustained at -Vs/2. 

During modes 1 to 8 Ml to M8, the voltage (Vy - Vx) (hereinafter referred to as "panel 
voltage") between the both terminals of the panel capacitor Cp swings between OV and Vs. The 

15 operation of switches Xs, Xg, Xr and Xf and the switches Ys, Yg, Yr and Yf during modes 9 to 16 
M9 to Ml 6 is the same manner as the operation of switches Ys, Yg, Y, and Yf and the switches 
Xs, Xg, Xr and Xf during modes 1 to 8 Ml to M8, respectively. The X electrode voltage Vx of the 
panel capacitor Cp in modes 9 to 16 M9 to Ml 6 has the same waveform as the Y electrode 
voltage Vy in modes 1 to 8 Ml to M8. Hence, the panel voltage Vy - Vx in modes 9 to 16 M9 to 

20 M16 swings between OV and -Vs. The operation of the sustain circuit according to the furst 
embodiment of the present invention in modes 9 to 16 M9 to Ml 6 is known to those skilled in 
the art and will not be described in detail. 

13 
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According to the first embodiment of the present invention, the rising time ATrOf the 
panel voltage can be controlled by regulating the time period Ati of injecting the current to the 
inductor Li in the mode 1 Ml. Likewise, the falling time ATf of the panel voltage can be 
controlled by regulating the time period Ats of injecting the current to the inductor Li during 
5 mode 5 M5. 

The state of the wall charges in the regions between the X and Y electrodes of the panel 
capacitor Cp, i.e., the discharge cells, is not uniform, so the wall voltage differs for each 
discharge cell, as illustrated in FIG. 5. With a small accumulation of wall charges, as in 
discharge cell 51, the wall voltage Vwi is low and a discharge firing voltage is high. With a large 

10 accumulation of wall charges, as in discharge cell 52, the wall voltage Vw2 is high and the 

dischm-ge firing voltage is low. If the wall vohage is high, as in the discharge cell 52, a discharge 
can occur during the rise of the panel voltage Vy - Vx. Namely, the discharge begins during 
mode 2 M2 during which the switch Yg is in the "OFF" state, so the power for sustaining the 
discharge is supplied firom the inductor Li rather than the power source Vs/2. At the beginning of 

15 mode 3 M3, the switch Ys is tumed ON to cause a second discharge. As the discharge occurs 
twice, there is no xmiform light emitted on the whole panel. Accordingly, the rising time ATr of 
the panel voltage Vy - Vx is preferably short enough to prevent such a non-uniform discharge. 

A rapid decrease of the panel vohage Vy - Vx may cause a self-erasing of the wall 
charges by the movement of resonant charges due to the rapid change of the electric field, 

20 resulting in a non-uniform distribution of the wall charges among discharge cells. Contrarily, a 
slow decrease of the panel voltage Vy - Vx lowers the wall voltage due to recombination of 
spatial charges, causing no self-erasing. Accordingly, the falling time ATf of the panel voltage Vy 
- Vx is preferably longer than the rising time AT^ 

14 
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As illustrated in Fig. 6, in a second embodiment of the present invention, the time period 
Ati of injecting the current to the inductor Li during mode 1 Ml is longer than the time period 
At5 of injecting the current to the inductor Li in the mode 5 M5. Accordingly, the rising time ATr 
of the panel voltage Vy - Vx is shorter than the falling time ATf. 
5 Referring to FIGs. 3 and 6, a current is injected to the inductor L2 after recovering all the 

current flowing to the inductor Li during mode 9 M9 according to the first embodiment. But, the 
injection of current to the inductor L2 can be performed in either mode 7 M7 or mode 8 M8. 
Namely, injection of current to the inductor L2, which occurs during mode 9 M9 in the first 
embodiment, can occur during mode 7 M7 or mode 8 M8. Li this manner, the time period of 
10 sustaining the panel voltage Vy - Vx at OV becomes shorter than in the first embodiment. 

In the first and second embodiment of the present invention, the voltages supplied from 
the power sources Vs/2 and -Vs/2 are Vs/2 and respectively, so the difference between the 
Y electrode voltages Vy and the X electrode voltage Vx is the vohage Vs necessary for a sustain- 
discharge. Differing from this, the sustain-discharge voltage Vg and the ground voltage OV can 
15 be applied to the Y and X electrodes, respectively, which will now be described in detail, 
referring to FIGs. 7, 8, and 9A to 9H. 

FIG. 7 is a brief sustain circuit according to a third embodiment of the present invention, 
FIG. 8 is a driving timing diagram of the sustain circuit according to the third embodiment of the 
present invention, and FIGs. 9A to 9H are current paths of respective modes of the sustain circuit 
20 according to the third embodiment of the present invention. 

In the sustain circuit as shown in FIG. 7 and differing from the first preferred 
embodiment, switches Yg and Xs are coupled to the power source Vs which supplies the sustain- 
discharge voltage Vs, and switches Yg and Xg are coupled to the ground end 0 for supplying the 

15 
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ground voltage OV. Also, capacitors Cyeri and Cyer2 are coupled in series between the power 
source Vs and the ground end 0, and switches Yr and Yf are coupled to a node of the capacitors 
Cyeri and Cyer2. hi the like manner, capacitors Cxeri and Cxer2 are coupled in series between the 
power source Vs and the ground end 0, and switches Xr and Xf are coupled to a node of the 
5 capacitors Cxeri and Cxer2. The capacitors Cyeri, Cyer2, Cxeri, and Cxer2 are respectively charged 
with voltages Vi, V2, V3, and V4. 

The operation of the sustain circuit according to the third embodiment of the present 
invention will now be described by assuming that the voltages V2 and V4 are the voltage Vs/2 
that is a half of the sustain-discharge voltage Vs with reference to FIGs. 8, and 9A to 9H 

10 During mode 1 Ml, as illustrated in FIG. 8, the switch Yr is tumed ON, with the switches 

Yg and Xg in the "ON" state. Then, a current Ili flowing to the inductor Li is increased with a 
slope of Vs/2Li by a current path as shown in FIG. 9 A. That is, during mode 1 Ml, the energy is 
charged in the inductor Li while the Y and X electrode voltages Vy and Vx of the panel capacitor 
Cp are both sustained at OV. 

15 During mode 2 M2, the switch Yg is tumed OFF to form a current path as shown in FIG. 

9B, and cause an LC resonance. Due to the LC resonance, the Y electrode voltage Vy of the 
panel capacitor Cp is increased, particularly to Vg by the body diode of the switch Yg. The LC 
resonance occurs while a predetermined amount of current flows to the inductor Li (while the 
energy is stored in the inductor) in the like manner of the first preferred embodiment of the 

20 present invention. 

During mode 3 M3, the switch Yg is tumed ON when the Y electrode vohage Vy of the 
panel capacitor Cp is increased to Vg, so the Y electrode voltage Vy is sustained at Vg. The 

16 
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current In flowing to the inductor Li according to the path as illustrated in FIG. 9C is recovered 
to the capacitor Cyeri. 

Referring to FIGs. 8 and 9D, during mode 4 M4, the switch Yr is turned OFF after the 
current Lli flowing to the inductor Li becomes OA. With the switches Ys and Xg in the "ON" 
5 state, the Y electrode voltages Vy and the X electrode voltage Vx of the panel capacitor Cp are 
sustained at Vs and OV, respectively. Since the voltage difference (Vy - Vx) between the Y and X 
electrodes becomes a sustain-discharge voltage, a sustain-discharge occurs. 

During mode 5 M5, the switch Yf is tumed ON with the switches Ys and Xg in the "ON" 
state. Then, as shown in FIG. 9E, a current path is formed, and the current flowing to the 
10 inductor Li is decreased with a slope of -Vs/2Li . During mode 5 M5, a current in the reverse 
direction of the current of the mode 1 Ml is injected to the inductor Li while the Y and X 
electrode voltages Vy and Vx of the panel capacitor Cp are sustained at Vs and OV, respectively. 
That is, the energy is charged in the inductor Li. 

During mode 6 M6, the switch Ys is tumed OFF to form a current path shown in FIG. 9F, 
15 thereby causing an LC resonance. Due to the LC resonance, the Y electrode voltage Vy of the 
panel capacitor Cp is decreased, particularly to OV by the body diode of the switch Xg. The LC 
resonance occurs while a predetermined amount of current flows to the inductor Li, as in the 
mode 2 M2 (i.e., while the energy is stored in the inductor). 

During mode 7 M7, the switch Yg is tumed ON when the Y electrode voltage Vy of the 
20 panel capacitor Cp is decreased to OV, so the Y electrode voltage Vy is sustained at OV. As 

illustrated in FIG. 9G, the current Ili flowing to the inductor Li is restored to the capacitor Cyer2. 

Referring to FIGs. 8 and 9H, during mode 8 M8, the switch Yf is tumed OFF after the 
current Lli flowing to the inductor Li becomes OA. With the switches Yg and Xg in the "ON" 
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state, the Y and X electrode voltages Vy and Vx of the panel capacitor Cp are both sustained at 
OV. 

Duringmodes 1 to 8 Ml to M8 of the third embodiment, similar to the first embodiment, 
the panel voltage (Vy - Vx) swings between OV and Vs. As shown in FIG. 8, the operation of 
5 switches Xs, Xg, Xr and Xf and the switches Yg, Yg, Yr and Yf during modes 9 to 16 M9 to Ml 6 
is the same mamier as the operation of switches Yj, Yg, Yr and Yf and the switches Xs, Xg, Xr and 
Xf during modes 1 to 8 Ml to M8, respectively. 

In the third embodiment, the rising time and the falling time of the panel voltage can be 
controlled by controlling the voltage V2 charged in the capacitor Cyer2. That is. The voltage level 
10 of the capacitor Cyer2 can be controlled by controlling the period of mode 1 Ml during which the 
switches Yr and Yg are concurrently turned ON, and the period of mode 5 M5 during which the 
switches Yg and Yf are concurrently tumed ON. 

Referring to FIGs. 10 to 12, a method for controlling the voltage level of the capacitor 
Cyer2 will now be described. 
15 FIGs. 10 to 12 are diagrams of a discharge current and a charge current of the capacitor 

Cyer2 in the sustain circuit according to the second embodiment of the present invention. 

As shown in FIG. 10, when the period Ati of mode 1 and the period Ats of mode 5 are 
equal, the amount of current discharged at the capacitor Cyer2 during mode 1 is substantially 
equal to the amount of current charging the capacitor Cyer2 during mode 5. Therefore, both end 
20 voltages Vi and V2 of the capacitors Cyeri and Cyer2 are sustained at WJ2. 

In this instance, as shown in FIG. 8, when the intensity of the current In flowing to the 
inductor Li is at a maximum during modes 2 and 6, the Y electrode voltage Vy of the panel 
capacitor Cp substantially reaches Vs/2. 
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As shown in FIG. 1 1, when the period Ati of the mode 1 becomes shorter than the period 
Ats of the mode 5, the amount discharge current of the capacitor Cyer2 becomes less than the 
amount of charge current of the capacitor Cyer2 and thus, the both end voltage V2 of the capacitor 
Cyer2 becomes greater than the end voltage Vi of the capacitor Cyeri- That is, the voltage V2 is 
5 greater than 

Li this instance, since the voltage V2 applied for resonance of the inductor Li and the 
panel capacitor Cp is greater than WJ2 voltage, when the intensity of the current Ili flowing to 
the inductor Li becomes the maximum, the Y electrode voltage Vy of the panel capacitor Cp 
becomes greater than VJ2. Therefore, if a time passes by from the time when the intensity of the 
10 current Ili is maximxmi, the Y electrode voltage Vy becomes Vs, and accordingly, the rising time 
ATr of the panel voltage shortens. 

A shown in FIG. 12, when the period Ati of the mode 1 is longer than the period Ats of 
the mode 5, the amount of discharge current of the capacitor Cyer2 is greater than the amount of 
charge current of the capacitor Cyer2, and the both end voltage V2 of the capacitor Cyer2 is less 
15 than the end voltage Vi of the capacitor Cyeri. That is, the voltage V2 is less than Vs/2. 

In this instance, since the voltage V2 applied for the resonance of the inductor Li and the 
panel capacitor Cp during mode 2 is less than Vs/2, when the intensity of the current Ili flowing 
to the inductor Li becomes the maximum, the Y electrode voltage Vy of the panel capacitor Cp 
becomes less than Vs/2. Therefore, since the Y electrode voltage Vy becomes Vs after a long time 
20 has passed from the time when the intensity of the current Ili is maximum, the rising time ATr of 
the panel voltage becomes longer. 

In the third embodiment as described above, the voltage at the capacitor Cyer2 can be 
controlled to be at voltages other than Vs/2 by controlling the periods of modes 1 and 5 Ml and 
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M5. In this instance, the capacitor Cyeri can be removed, and the current can be recovered to the 
power source Vs in the mode 3. 

Also, a power source for supplying the voltage V2 can be used other than the capacitor 
Cyer2. In this instance, the rising time and the falling time of the panel voltage can be controlled 
5 by setting the voltage V2 as V2/2 and controlling the periods of modes 1 and 5 Ml and M5, as 
described in the second embodiment. 

In the circuit of FIG. 7, the capacitor Cyer2 can be coupled to the switches Yr and Yf other 
than the ground end 0. Accordingly, the rising time and the falling time of the panel voltage can 
be controlled by controlling the discharge current (mode 1) and the charge current (mode 5) of 
10 the capacitor Cyer2. Also, a power source can be coupled other than the capacitor Cyer2. 

In the first, second and third embodiments, the voltages Vs and OV, or the voltages WJ2 
and -Vs/2 are applied to the Y electrode. Differing from this, two voUages Vh and Vh-Vs having a 
voltage difference as Vs can be applied to the Y electrode. 

The driving method according to the first embodiment of the present invention can also 
15 be adapted for driving the circuit illustrated in FIG. 13. 

FIG. 13 is a schematic circuit diagram of a sustain circuit according to a fourth 
embodiment of the present invention, and FIG. 14 is a driving timing diagram of the sustain 
circuit according to the fourth embodiment of the present invention. 

As illustrated in FIG. 13, the sustain circuit according to the fourth embodiment of the 
20 present invention is the same as described in the first embodiment, excepting that the voltage of 
-Vs/2 is not supplied from the power source -Vs/2 but by using capacitors C\ and C2. 

More specifically, the sustain circuit according to the fourth embodiment of the present 
invention fiirther includes switches Yh, Yi, Xh and Xi, capacitors Ci and C2, and diodes Dys and 
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Dx3. The capacitors Ci and C2 are charged with a voltage oiVJl. The switches Yh and Yi are 
coupled in series between the power source Vs/2 and the ground terminal 0, and the capacitor Ci 
and the diode Dy3 are coupled in series between a contact of the switches Yh and Yi and the 
ground terminal 0. The switch Yg is coupled to a contact of the switches Yh and Yi, and the 
5 switch Yg is coupled to the contact of the capacitor Ci and the diode Dys. Likewise, the switches 
Xh and Xi are coupled in series between the power source Vs/2 and the ground terminal 0, and 
the capacitor C2 and the diode Dxs are coupled in series between a contact of the switches Xh and 
Xi and the ground terminal 0. The switch Xs is coupled to the contact of the switches Xh and Xj, 
and the switch Xg is coupled to a contact of the capacitor C2 and the diode Dx3. 

10 As shown in FIG. 14, the operation of the sustain circuit according to the fourth 

embodiment of the present invention is the same as the operation described with regard to the 
first embodiment, except that the switches Yh, Yi, Xh and Xi are operated at the same time as the 
switches Yg, Yg, Xg and Xg, respectively. More specifically, the switches Yg and Yh are 
simultaneously turned ON to supply a voltage of Vs/2 fi-om the power source Vs/2 to the panel 

15 capacitor Cp. Likewise, the switches Xg and Xh are simultaneously tumed ON to supply a voltage 
of Vs/2 fi:om the power source Vs/2 to the panel capacitor Cp. The switches Yg and Yi are 
simultaneously tumed ON to supply a voltage of -YJ2 to the panel capacitor Cp through a path 
that includes the ground terminal 0, the switch Yi, the capacitor Ci, and the switch Yg in 
sequence. Likewise, the switches Xg and Xi are simultaneously tumed ON to supply a voltage of 

20 -Vs/2 to the panel capacitor Cp through a path that includes the ground terminal 0, the switch Xi, 
the capacitor C2, and the switch Xg in sequence. 

According to the fourth embodiment of the present invention, the power source supplying 
a voltage of Vs/2 is used to supply the voltages of Vs/2 and -Vs/2 to the panel capacitor Cp. 
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Although the same inductor Li is used for increasing and decreasing the Y electrode 
voltage Vy in the first to fourth embodiments of the present invention, independent inductors can 
also be used for increasing and decreasing the Y electrode voltage Vy. When two inductors Lu 
and Li2 are used, the steps of injecting the current to the inductors (e.g., Ml and M5 in FIG. 3) 
5 can be omitted. This embodiment will be described below in detail with reference to FIGs. 1 5 
and 16, 

FIG. 15 is a schematic circuit diagram of a sustain circuit according to a fifth embodiment 
of the present invention, and FIG. 16 is a driving timing diagram of the sustain circuit according 
to the fifth embodiment of the present invention. 

10 In FIG. 1 5, the X electrode voltage of the panel capacitor is sustained at OV and only the 

Y electrode voltage in the sustain circuit is illustrated. The sustain circuit according to the fifth 
embodiment is the same as described in the first embodiment, excepting inductors Lu and L12, 
capacitor Cyer, power source Vs, and ground terminal 0. 

More specifically, switches Ys and Yg are coupled in series between the power source Vs 

15 and the ground terminal 0. The inductor Li 1 is coupled between a contact of the switches Ys and 
Yg and the switch Yr, and the inductor Lu is coupled between the contact of the switches Yg and 
Yg and the switch Yf. The capacitor Cyer is coupled between a contact of the switches Yr and Yf 
and the ground terminal 0. The power source Vs supphes a voltage of Vg, and the capacitor Cyer 
is charged with a voltage of Vs/2. Namely, as different fi-om the first embodiment, the Y 

20 electrode voltage Vy swings between 0 and Vs due to the power source Vs and the ground 
terminal 0. 

Referring to FIG. 16, during mode 1 Ml, the switch Yr is turned ON to cause an LC 
resonance on a current path that includes the capacitor Cyer, the switch Yr, the inductor Ln, and 
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the panel capacitor Cp in sequence. Due to the LC resonance, the panel voltage Vy increases and 
the current Ilu of the inductor Ln forms a half-period of the sinusoidal wave. During mode 2 
M2, when the panel voltage Vy is increased to Vs, the switch Yr is turned OFF and the switch Yg 
is turned ON, so the panel voltage Vy is sustained at Vg. Namely, a sustain-discharge occurs on 
5 the panel during mode 2 M2. 

During mode 3 M3, the switch Ys is tumed OFF and the switch Yf is tiuned ON to cause 
an LC resonance on a current path that includes the panel capacitor Cp, the inductor L12, the 
switch Yf, and the capacitor Cyer in sequence. Due to the LC resonance, the panel voltage Vy 
decreases and the current Ili2 of the inductor L12 forms a half-period of the sinusoidal wave. 

10 During mode 4 M4, when the panel voltage Vy is decreased to OV, the switch Yf is tumed OFF 
and the switch Yg is tumed ON, so the panel voltage Vy is sustained at OV. 

The X electrode voltage Vx swings between OV and Vg while the Y electrode voltage Vy 
is sustained at OV, through the procedures during modes 1 to 4 Ml to M4. In this manner, the 
voltage of Vs necessary for a sustain-discharge can be supplied to the panel. 

15 As expressed by the equations 3 and 4, the rise time ATr and fall time ATf of the panel 

voltage Vy are the functions of the inductances Lu and L12 of the inductors Ln and L12 and 
therefore controllable by regulating the inductances Ln and L12, respectively. As described 
previously, it is possible to set the inductance Ln less and the inductance L12 greater and hence 
make the rising time AT3 of the panel voUage Vy shorter and the falling time AT4 longer. 

20 [Equation 3] 

[Equation 4] 
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In the fifth embodiment of the present invention, the power sources Vs/2 and -Vs/2 can 
be used, similar to the first embodiment. Namely, the switches Yg and Yg are coupled to the 
power sources Vs/2 and -Vs/2, respectively, and the contact of the switches Yr and Yf is coupled 
to the ground terminal 0 rather than the capacitor Cyer. In this manner, the Y electrode voltage Vy 
5 of the panel capacitor Cp swings between -Vs/2 and Vs/2. The X electrode voltage Vx of the 
panel capacitor Cp is sustained at -Vs/2 when the Y electrode voltage Vy is Vs/2, so the voltage 
of Vs necessary for a sustain-discharge can be supplied to the panel. 

According to the present invention, the rising and falling times of the panel voltage can 
be controlled. Especially, the rising time of the panel voltage is increased to prevent a second 
10 discharge during the rising time of the panel voltage, thereby making the discharge uniform. 
Furthermore, the falling time of the panel voltage is longer than the rising time to prevent a self- 
erasing of wall charges, thereby acquiring a uniform distribution of the wall charges in discharge 
cells. 

In addition, according to the present invention, the Y electrode voltage is changed while 
15 the X electrode voltage is sustained. As a result, the driving pulses applied to the X and Y 

electrodes can be fireely set. The discharge characteristic is improved and the power consumption 
is reduced since the one electrode voltage is sustained while the other electrode voltage is 
changed. 

While this invention has been described in connection with what is presently considered 
20 to be the most practical and preferred embodiment, it is to be understood that the invention is not 
hmited to the disclosed embodiments, but, on the contrary, is intended to cover various 
modifications and equivalent arrangements included within the spirit and scope of the appended 
claims. 
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